ABSTRACT Remote area power supply (RAPS) systems are commonly used at isolated locations where the mains grid connection is unavailable. Majority of the RAPS systems consist of either single or multiple diesel generators. Efficiencies of such systems however are low due to the variations in the load demands. To improve the system efficiency, Hybrid Energy Systems consist of diesel generator, solar generator, storage battery bank and inverter have been developed. Optimal operation of such systems however depends on the scheduling of the battery chargefdischarge cycle and load settings of the diesel generator. This paper proposes a new approach based on Fuzzy-Logic (FL) and Genetic Algorithm (GA) techniques for the scheduling of the battery and the diesel generator of a RAPS system. Two methods have been developed. One was based on a Pure Genetic Algorithm (PGA) approach, and the other was based on a combined Fuzzy-logic and Genetic Algorithm (FGA) approach. Simulation studies have been carried out with both methods for single and multiple generators connected to a typical RAPS system. In terms of efficiency and chargddischarge cycles, the FGA method is found to be capable of providing a better result.
INTRODUCTION
While majority of the populations in industrialized countries such as Australia have taken constant supply of electricity for granted, there are many communities in remote locations deprived of such conveniences, as they are not connected to the main electicity supply grid. Examples are isolated homesteads or communities in the outback of Australia and residents living on Asia-Pacific islands. In addition, country and rural areas in developing counties with limited infrastructures can be accounted in the same category.
Depending on the size of the community and the utilization pattem, the power consumption may vary from a few kWh to tens or hundreds of kWh per day. Examples are:
Communications and imgation applications in many remote locations of Australia in the states of Northem Temtory and Westem Australia. Autonomous systems installed for remote communities on many Greek islands such as the Kynthos. The energy needs of these locations are normally met by 'remote, decentralized, autonomous, or stand-alone' systems. The most common solution is the utilization of one or more diesel generators. Diesel engine driven generating sets have a low capital cost but they incur high operating and maintenance costs. As load demand fluctuates during the 24-hour cycle, this normally requires over-sizing of the generators. In addition, the generators will not be able to operate at their most efficient conditions constantly. This reduces the efficiency and causes considerable wastage. Improvement can be achieved by using a Hybrid Energy System [I] . A hybrid energy system utilizes energy from multiple sources. In conjunction with the diesel generators, solar cells and storage batteries are incorporated. Wind generators are also becoming commonly incorporated in such systems. In practice, the storage batteries are used to store the excess power from the diesel generators and the solar cells if the load demand is low. When the load demand exceeds the capacity of the generators, the batteries are used to supplement the supply together with the output from the solar cells. In effect, the batteries smoothen the load demand variation and allow the generators to operate in a more efficient manner. This results in a reduction of fuel consumption and the use of smaller-size generators will be possible. In order to improve the system efficiency, operation of the generator, batteries and solar cells must be scheduled in accordance to the forecast load demand and solar radiation. Due to the non-linear characteristics of the problem, a computational intelligence approach based on fuzzy logic and genetic algorithm has been developed to tackle the problem.
In recently published literature, optimization of hybrid energy systems has primarily been focused on (a) design and sizing of system components such as battery, (b) operation and dispatch strategies for the system. [4-91 generator and solar panels [2-31, and, In this paper, the problem of determining the short-term diesel generator dispatch schedule and the battery bank charge-discharge strategy of a parallel hybrid system is addressed. Two methods are reported. One method is based on genetic algorithm alone and is termed the Pure Genetic Algorithm (PGA) method. The other method is based on a combined fuzzy logic and genetic algorithm and is called the Fuzzy Genetic Algorithm (FGA) method. Simulations based on both methods have been carried out. The proposed approaches were applied to a single generator system as well as a multiple generators system. Mathematically, for a multiple generator system, the objective is to minimize the total operating cost while taking into account of the start-up cost, shut-down cost, fuel cost of the diesel generator(s) operating within a scheduling interval, the number of generators and the duration being operated.
11.
Scheduling of RAPS Systems The constraints could be broadly classified as: Dispatch strategy of hybrid energy systems deals with the finding of the optimal schedule for the diesel, PV dispatch and the battery charge/discharge strategies while meeting the load demands. Wichert et a1 in [3] gives a detailed evaluation of these optimization techniques. Some of the most commonly used methods used for this optimization problem are linear programming, non-linear programming and dynamic programming [4, 5, 10] . The other methods are those that come under the broad classification of computational intelligence including fuzzy logic, simulated annealing and genetic algorithm [6,8-1 1,151.
Although Genetic Algorithms have been used to solve unit commitment problems [7, [12] [13] [14] , they have rarely been applied to the problem of scheduling of RAPS systems. The problem is particularly challenging because: Many of the optimization techniques such as linear programming are used to deal with real world problems whose structures are however not precisely known. As most of these classical procedures do not tackle the problem of dynamic structure, these methods implicitly assume that the system structure is fixed. They do not have flexible models that are capable to face a variety of situations. There are a number of computational techniques that have evolved to deal with problems not amenable to conventional programming techniques. A new approach, combining two such techniques, the fuzzy logic and the genetic algorithms is used in this paper to find the 'best' operation strategy of the RAPS systems.
111.

PROBLEM FORMULATION
The problem of scheduling the RAPS system operation can be stated as follows: Given the forecast of the load and solar radiation for the short term scheduling period (next 24 hours in this case), the task is to determine: (a) unit commitment and dispatch of diesel generators for the scheduling period, and, (b) the battery energy charge/discharge policy within the same period, with an objective to minimize the operating while meeting the system constraints. e Diesel generator constraints: Diesel generator must be operated within the minimum and maximum allowable rating. Diesel generator must be operated above 45 % of the rated capacity as the efficiency of the generator is low at low load. Minimum up and down times of the generator must be observed.
In the case of multiple generators, the generators cannot be tumed on at the same time.
Battery storage constraints: Battery must be operated between 20% -90% of the capacity. Battery must be charged to maximum level at the end of the day so that it can be operated in the early hours of the next day.
Renewable energy source constraints: Renewable energy should be used as much as possible.
General constraints: Total power generated must meet the load to minimize loss of load probability.
The fuel consumption Q, to calculate the fuel cost TC for each diesel generator is given by a quadratic equation as fallows. 
IV. PURE GENETIC ALGORITHM (PGA) APPROACH
In the RAPS scheduling problem, a pure genetic algorithm (PGA) method is developed based on an initial population of individual scheduling solutions. Each individual solution is represented by a chromosome string of 24 values corresponding to the 24-hour time period. The value of each gene is the generator power output level for each time interval.
The fitness function is the total operating cost obtained by summing the individual operating cost for every hour. The task is to minimize the overall fitness. The initial population is chosen at random. Once the population is initialized the genetic algorithm's evolutionary cycle begins. The first stage of the genetic cycle is the evaluation of each of the population members. To do this, the battery final state and the fuel consumption for each time interval and then the total fuel consumption are calculated based on the chromosome string for each individual in the population. This is followed by the repeated application of the biological operators such as selection, crossover and mutation. The process is repeated until an individual with the best chromosomal string is achieved after a fixed number of generations.
V. COMBINED FUZZY LOGIC-GENETIC ALGORITHM (FGA) APPROACH
This method for determining the RAPS dispatch schedule is based on fuzzy logic and genetic algorithms. A fuzzy logic algorithm is developed to determine the initial hourly diesel dispatch strategy and the battery chargeldischarge schedule for the next 24 hours. This schedule is then optimized using the genetic algorithm to get the 'best' operational schedule.
A fuzzy logic system can be expressed in four basic modules [16]. They are the fuzzification unit, inference module, defuzzification unit and the knowledge base. The fuzzification unit consists of a fuzzifier function that converts the crisp input values into fuzzy singletons. In the RAPS scheduling problem, the three inputs considered are the load, butt and time.
Loud is the load demand of the system for the current simulation interval Butt is the battery bank's current stored energy level Time is the time of the day for the current simulation Only one output variable is defined as Gen, which is the power level at which the diesel generator should be set for the current period. Each of these fuzzy logic variables has an associated universe of discourse structure. The structure gives the maximum and the minimum values of the crisp input variables and the number of discrete elements that the universe of discourse is divided into. The fuzzy term set associated with each variable is:
Loud (vlo, lo, hi, vhi) Butt (vlo, lo, hi, vhi, xhi) Time (mom, anoon, eve, night) Gen (off, med, hi, opt, vhi) Triangular or trapezoidal membership functions have been used to describe each term.
The knowledge base contains the essential information
based on which the fuzzification, inference and defuzzification processes are executed. The knowledge base consists of a database and the rule base. The database provides the definitions of the fuzzy parameters as membership functions defined by the universe of discourse for each variable. The rule-base consists of rules in the form of IF A, THEN B. A rule base of 80 rules based has been developed for the RAPS scheduling problem conceming the inputs, output and the operating conditions. The rules are derived using a heuristic approach based on the knowledge of the behavior of the RAPS system. The basic structure of the control rules is:
IF Loud is load-term AND Butt is batt-term AND Time is time-term THEN Gen is gen-term.
The load-term, batt-term and the time-term are in linguistic forms associated with the corresponding input variables. Eiased on the information from the rule-base and the fuzzy singletons from the fuzzification unit, the inference engine will produce an output of the Gen variable in fuzzy membership term.
In this study, the MAX-MIN fuzzy inference method is used. In the RAPS scheduling at any given hour, a maximum of 8 rules is fired. There is a maximum of 31 possible distributions of the generator output depending on the rules fiired. The fuzzy generator output is then defuzzified to anonfiuzy generator output value by the defuzzification unit. The center of area (COA) method is used for the defuzzification process. It is then scaled based on the universe of discourse and the output Gen is then defined in crisp value.
An initial schedule is generated by the fuzzy logic method fix the next 24-hour interval. The information consist of: 0 fuel consumption rate.
the fuzzified values of load value, battery energy level and time, the rules fired for each interval, the strength at which it is fired, the resultant generator output distribution, the defuzzified generator output in kW, the battery final state in kWh, and GA then works on a population of individuals with a chromosome of a length of 24. Each gene of this chromosome represents the resultant generator output distribution in fuzzy terms before defuzzification. For each chromosome string, the generator output, battery energy level and the fuel consumption are calculated. The fitness function for each run is the total fuel consumption for the day (24 hours). After a number of generations using the GA approach, a chromosome string that results in a schedule with the minimum possible total fuel consumption that meets the system constraints will be produced.
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RESULTS
Description
The RAPS system considered for single generator simulations is similar to a system operating at Epenarra in the Northem Territory. The load data, temperature data and the solar radiation data used in the simulation studies are obtained from the actual site data. The Epenarra power station is a diesel/ battery hybrid system with a small PV array. The system consists of two diesel generators rated at 52 kW and 80 kW, an 1 kW solar PV and a 100 kWh battery storage. The system in Epenarra uses a control system that senses both the three-phase and single-phase site load to arrange the diesel generator dispatch strategy. The 52 kW generator is used alone majority of the days to meet the load demand. An examination of the load data available for a period of about 10 months indicates that the load can be met by a diesel generator of smaller capacity. So for all simulations used for a single generator RAPS system a diesel generator of 40kW size is used. The simulations ate carried out on an hourly basis based on the hourly data extracted from the logged site data.
Values
The component size and parameters considered for all single generator simulations is given in Table 1 .
Diesel generator rated power
Battery bank size Charginddischarging efficiency For the simulation of the multiple generator RAPS system, the site load data used in the single generator system simulations is increased 5 times. Two more generators of 60kW and lOOkW capacities are added to the single generator of 40kW to make up a 3 generators RAPS configuration as given in the Table 3 and the results are shown in Figure 4 . The generator always operates in the efficient region of above 45% of the rated capacity in both the FGA and PGA methods. Based on a single day's simulation results, the load is met by the battery in the early hours of the morning and hence the noise is reduced in the case of single generator. Battery operates between 20-90% in both the cases but there is more cycling in the case of PGA method. This cycling is undesirable as far as the battery life is concemed.
It is shown that in the PGA method, the generator output is high whenever it is on and the excess power is used to charge the battery bank. Within the scheduling period, the battery discharges and charges more often leading to a lower number of generator running hours. By considering both the fuel c:onsumption and battery operation, the FGA offers a better Epproach than the PGA method. The proposed method has an advantage that it is independent of the diesel generator fuel consumption model. Additional constraints could also be incorporated into the calculation.
VII.
Conclusion
In this paper a new method is proposed to schedule the RAPS systems. This method uses a combined fuzzy and genetic algorithm method and can be used for both single and multiple diesel generators RAPS systems. This method has the advantage that it is independent of the diesel generator and the battery models used. The method also meets the constraints considered in the paper for the RAPS scheduling.
Two methods have been developed and presented. Simulation results have shown that the Fuzzy Genetic Algorithm (FGA) approach offers a better solution in terms of fuel consumption and the battery charge/discharge cycle. 
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